Introduction
Primary acquired nasolacrimal duct obstruction (PANDO) is the most common cause of epiphora in adults. Dacryocystorhinostomy (DCR) is the primary treatment choice for PANDO cases, however, silicone intubation has become an established alternative treatment option since first developed in 1968. [1] [2] [3] [4] [5] [6] [7] In PANDO cases, the silicone tube should be placed in the lacrimal duct until the damaged mucosa has become re-epithelialized in order to avoid recurrence of the nasolacrimal duct obstruction; however, the appropriate time period for removal of the tube has yet to be standardized. Previously reported timing for the removal varies from 1 week to several years, with 2-to 6-months post intubation being the most common timing over the past 2 decdes. 4, [8] [9] [10] [11] It is a commonly held opinion that severe cases of PANDO need prolonged intubation to allow re-epithelialization and prevent recurrence. 7 Here we report a case of PANDO in which the silicone tube was neglected for 20-years post intubation, which to the best of our knowledge, is the longest latency period in comparison with the previously published reports. In this present case, the surgical outcome post tube removal, along with evaluation of the lacrimal mucosa by use of a micro-lacrimal endoscope and inspection of the deformation of the removed tube, were investigated.
Findings
A 72-year-old male presented with epiphora and discharge in his left eye that had been occurring for 2 weeks. He had been treated for sinus surgery on his left side 20-years previous, and lacrimal intubation was simultaneously performed to prevent secondary lacrimal duct obstruction. Post surgery, the patient had never undergone follow-up examination with an ophthalmologist. Upon initial visit at our clinic, examination by computed tomography (CT), nasal endoscopy, and lacrimal micro-endoscopy revealed an open lacrimal passage and proper placement of the silicone tube (Figs. 1 and 2-A). Although no obvious damage to the lacrimal duct due to the previous surgery was detected, dacyrocystitis with biofilm formation around the tube, complicated with granulated tissue formation in the nasolacrimal duct, was observed ( Fig. 2-B ). Thus, we began a conservative treatment regimen that involved a weekly irrigation and instillation of antibiotic eye drops, which settled the inflammation within 3 weeks, followed by tube removal. The removed tube was identified as a standard-type Nunchakustyle silicone tube (NST; Kaneka Corporation, Tokyo, Japan). Following the removal of the tube, the patient expressed that he felt symptom free, and lacrimal micro-endoscopy examination at 1-month after tube removal showed rapid resolution of the granulated tissue. 
Deformation of the removed silicone tube
Post removal of the silicone tube, a detailed evaluation revealed accumulation of pus inside of the lumen, however, the tube itself was undamaged and clear ( Fig. 3 ). The length of the tube was 1mm longer than the standard length of an unused tube at one end (Table 1) . However, the diameter of the removed tube was found to be the same as that of an unused tube. Degradation of the tube was measured via tension testing using a table-top tensile testing instrument (EZ Test; Shimadzu Corporation, Kyoto, Japan). The test findings showed that the tube was slightly stiffer than a new unused tube, yet only at the body and not at the rod (Figs. 4 and 5).
Discussion
The findings in the current case suggest the possibility that lacrimal tubes can remain implanted for decades in the nasolacrimal system with a successful outcome. The NST itself was found to be effective and in good condition, thus well-tolerating prolonged intubation.
It should be noted that there are few previous reports regarding the time period in which a lacrimal tube should be removed post intubation. To the best of our knowledge, the longest reported elapsed time post silicone nasolacrimal intubation until tube removal using a conventional Crawford-style stent was 3.5 years. 7 The NST is designed as a push-to-insert lacrimal stent using a stainless inner probe to prevent false passage, with a silicone tube of 1.0mm outer diameter in the Although granulated tissue (arrow) was observed on the nasolacrimal mucosa at the time of tube removal (B), follow-up observations at 1-month postoperative showed regression of the granulation tissue (C) and at 6-months postoperative showed that the treatment achieved recovery of healthy mucosa without re-obstruction (D). Fig. 4 . The results of a tension test on the body of the Nunchaku-style silicone tube is shown. The body of the used tube was found to be stiffer than that of the unused tube.
body part and 0.6mm diameter in the rod. This design enables 'selfretaining' in the lacrimal passage without anchoring to the nasal wall. Previous reports of lacrimal intubation using an NST had a typical timing of removal that ranged from 1-to 3-months postoperative. 3, 8, 9, 12 To achieve a successful outcome, the tube should be placed in the patient's lacrimal duct until the damaged mucosa has become re-epithelialized, however, postoperative complications and stent degradation are common concerns. Thus, the findings in this present study may encourage physicians to consider prolonged intubations for select cases of nasolacrimal duct obstructions before considering further additional invasive surgery, such as DCR, in order to achieve a successful outcome, or for cases of functional epiphora in which symptoms are likely to recur post tube removal. 13, 14 It should also be noted that there are few previous reports regarding the effects and outcomes of delayed tube removal after DCR. It is commonly theorized that following late removal of the tube there may be a higher incidence of inflammatory reactions, however, some studies have reported that the tube can be remain implanted for up to 5-years postoperative. 15, 16 In DCR cases, the implanted silicone tube does not affect the nasolacrimal duct, which is the most common area that becomes obstructed. Hence, the cases in the previous reports which support prolonged silicone intubation might, due to their nature, have less complication than intubations performed for cases of upper lacrimal system obstruction.
However, prolonged intubation might increase the risk of complications, and previous studies have reported that the formation of granulated tissue on the puncta is the most common complication upon detailed clinical examination. [15] [16] [17] [18] [19] A previous study reported that lacrimal micro-endoscopy revealed that granulated tissue formation can occur not only on the puncta, but also along the entire lacrimal system, which can be caused by infection and/or mechanical stress. 17 In our current case, the granulated tissue might have been caused by inflammatory reaction due to both factors, as it disappeared rapidly after the settlement of dacryocystitis and tube removal. The findings in previous reports, as well as the findings in our current case, suggest that tissue granulation is reversible with proper treatment. However, in cases of prolonged intubation, the patient should be followed and observed carefully by micro-endoscopy examination.
Punctal slitting might be another punctal-related complication after prolonged intubation. 19 In our present case, minimal damage to the puncta was observed. We theorize that this might have been due to the design of the NST, as there was no need to suture the tube to the nasal wall and the rods did not stiffen over time despite being intubated in situ for 20 years.
Infection is the most serious complication associated with prolonged intubation, which resulted in our patient seeking medical care after decades of prolonged nasolacrimal intubation. Since infection might cause further mucosal damage resulting in recurrent obstruction, immediate treatment using irrigation and antibiotics is required. However, early tube removal in the middle of an ongoing inflammation might actually exacerbate the condition by causing more inflammation and obstruction, Thus, the tube should be left in place until the inflammation is fully successfully treated. In our current case, although the granulated tissue formation was complicated, we were able to achieve a successful outcome by ascertaining the correct removal time using micro-endoscopy.
Silicone is a well-tolerated material in situ and has adopted for use in various implant devices, however, a 'foreign body' reaction is inevitable. Silicone implants as represented by cranial, orthopedics, or aesthetic reconstruction surgery tend to be left in situ for decades without complication due to the fact that the implant is placed in a sterile condition. [20] [21] [22] In contrast, a lacrimal, trachea, ureteral, or gastrostomy tube is exposed to the outside of the body. Hence, a prolonged placement may cause complications easier, such as migration, occlusion, dislodging, and infection, all of which usually require replacement or removal of the tube within 1-year postoperative. [23] [24] [25] Compared to other types of exposed tubes, a lacrimal tube is completely isolated from the natural sterilization of the inner body, which might explain why the tube in the current case was tolerated for 2 decades. Silicone material, itself, has proved to be advantageous under harsh conditions, such as exposure to hydrochloric acid or irradiation, and biological inertness has been reported in the lacrimal duct using an animal model. 26, 27 In addition, the findings in this present study confirmed its mechanical advantage for lacrimal duct reconstruction.
Conclusions
Our findings reveal that lacrimal intubation can be left in situ for prolonged periods of time to allow for re-epithelization of the lacrimal mucosa in cases with high re-obstruction risks, or to relief symptoms in cases of functional epiphora. To achieve successful results with prolonged intubation, confirmation of proper intubation and careful observation by micro-endoscopy is necessary. Although the findings in this case study may encourage physicians to consider prolonged intubation, further study involving a larger number of cases is necessary.
Patient consent
Consent to publish the case report was not obtained. This report does not contain any personal information that could lead to the identification of the patient. Fig. 5 . The results of a tension test on the rod of a Nunchaku-style silicone tube is shown. Te rod of the used tube was found to be not stiffer compared to the unused tube.
